SNU 4541.664A Program Analysis, Spring 2009

Final Exam
06/15,/2009, 19:00-22:00
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Problem 1 (5 pts) o} 7]Z2 <l
Tabulate(F: (Code — D) — (Code — D), C: Code)
T,T': Code — D;
begin
VC; of C: T(C;) :==T'(C;) := Lp;
repeat
T :=T;
VC;of C:T(Ci) =]
until T C 7’ (* no more increase *)
end
Problem 2 (10 pts) o} 4 &1 g]&F 9] ¥l 2+ w72 A L. 4¥3] 7] (widening) ¥} &3] 7] (narrowing) &
g o} s A olth,
Tabulate@(f:: (Code — D) — (Code — D), C: Code)
T,T": Code — D;
d: D;
begin
VC; of C:T(C;) :=T'(C;) := Lp;
repeat
T :=T;
VC; of C:

d:=F (Mz.T(x)) Ci;
l l

until T C 7" (* no more increase *)

repeat
T :=T;
VO of C: T(Ci) =]

until T’ C T (* no more decrease *)

end

Problem 3 (10 pts) ot2] 24 dug]E9 Wl 1+ HFEA 2. T
1, Y38]7)(widening) @} 3] 7] (narrowing) 7%



Tabulate(F: (Code — D) — (Code — D), C: Code)
T: Code — D, y: D, W:2Cede 4. Code

f(c: Code): D
begin
record that evaluation of w requires that of ¢;

return T'(c)

begin
VC; of C: T(Cy) :==T'(C;) := Lp;
W:Z{Ci‘CiEC}

repeat
w := Select(W)
y=C ]
L] —
T(w) =y
Vw’ whose evaluation needs that of w :
W = Add(W,w’)
until W = {}

end
Problem 4 (20 pts) th-32] doj2 Hox= =232 QM-S
e — z | ete | —e | ifeee

obelel k3 .
QZ‘:,A

{1,+,-,0,0+,-0, T}

oA Aelsa 1 o7 AA ol BE EHBTH AL Lokl Ale] B4 SHste

yL = 0

yo = {0}

v- = {z€Z]|z2<0}
v+ = {2€Z|z>0}
v-0 = {z€Z|z2<0}
yo+ = {z€Z|z>0}
yT = Z

Problem 5 (85 pts) Consider the following imperative language C--:

program pgm — ¢
command ¢c — =xz:i=e|lxz* i=el|c;ec
| if ethencelsec
| repeat cuntile
expression e — z]|true] false
| z|z*x|e+tel|e-e
| xz<e|xx <e|malloc |readint
Command changes the memory. Expression computes a value. Command assigns a value

to a memory location denoted (x) or dereferenced (x*) by a variable, does a sequence of



commands, branches based on a boolean condition, and repeats until a condition is true.
Expression value is either an integer, a location, or a boolean. Expression reads an integer
(readint) from the outside world, is a constant integer, is the value at a location denoted (x)
or dereferenced (x*) by a variable, is the result of the usual integer or boolean operations, or
is a freshly allocated (malloc) integer-sized location.

The C-- has been used to program the inertia navigation system of the Korean liquid-fuel
rocket KSR-XII. The C-- program controls the KSR-XII rocket until it reaches its orbit.

Because KSR-XII’s engineers have experienced many failures of the predecessor rockets
soley because of software errors, this time they want to make sure that their software is

completely bug-free. KSR-XII’s definition of bug-freeness is:

e every integer variable must have values within particular ranges. For example, some

variable that determines the rocket’s throttle valve must not exceeds some limit.

e every location variable must store at most one location throughout the program exe-

cution.

Your company offered them the software technology for the problem: static analysis.
Design your analyzer(25 pts) including the three semantics (standard/collecting/abstract se-
mantics), prove that the design is correct(30 pts), and roughly show the fixpoint steps(30) for

the following example programs to demonstrate its reasonable accuracy.

e Example 1
x = 0;
repeat
X = x+1;

until x < 1000

e FExample 2
x := malloc; x* := 0; y := X
repeat
Xk 1= xk - 1; y* 1= y*x + 3
until x < 1000
e Example 3
x := malloc; x* :=1; y := x; z := 0; i := readint;
if 1 <0
then x* := x* + y*; z := 1 else (x* := x*x - y*; z := 3)
Xk 1= Xk + z
e Example 4
x := malloc; x* = 0; y := malloc; y* = 1; i := readint;
repeat
if 1 <0
then y := x else x := y;
X* 1= yk+l;
until x* < 10
END



